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@ Process and apparatus for bend-shaping glass plates. 



@ A process for bend-shaping a glass plate by 
heating the glass plate to the nearly softening tem- 
perature, while the glass plate is transferred along a 
transferring surface in a shaping furnace, wherein 
the glass plate Is transferred along a complexly 
bending transferring surface having a complexly 
curved face which Is upwardly projected with pre- 
determined radius of curvatures along both the axis 
of the transferring direction and the aws perpendicu- 
lar to the transfemng direction, the transferring sur- 
^ face having an upward gradient portion at at least an 
^ area near the exit of the shaping fumace, to thereby 
(V) bend the glass plate into a shape which substantially 
corresponds to that of the complexly bending trans- 
^ ferring surface, aind then, the glass plate is cooled 
^s and strengthened along a cooling transferring sur- 
^ face which has a complexly curved face so as to be 
substantially continuous to that of the complexly 
O t>ending transferring surface and which has at least a 
ft dovmward gradient portion in at least a part of it. 
LU 
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The present invention relates to a process for 
bend-shaping a glass plate so that the glass plate 
has a complexly curved face and an apparatus for 
carrying out the process. 

In automobile industries, there has been an 
increasing demand of a glass plate having a com- 
plexly curved face, i.e. a glass plate 8 having a 
complexly curved face wherein a flat glass plate is 
bend-shaped with two different radius of curvatures 
R1 and R2 in its longitudinal and transversal direc- 
tions as shown in Rgure 3. 

Figure 4 shows an example of a bend-shaping 
apparatus proposed as an apparatus for bend- 
shaping a glass plate to have a complexly curved 
face (Japanese Examined Patent Publication No. 
10331/1974). With use of a bend-shaping apparatus 
10. a glass plate 8 is bend-shaped to have a radius 
R2 along the axis perpendicular to the transferring 
direction while it is transferred on hearth beds and 
then, the glass plate 8 is bend-shaped to have a 
radius R1 along the axis of the transferring direc- 
tion on hearth beds 14. 16 each of which has a 
portion curved along the axis of the transferring 
direction, and then it is cooled and strengthened at 
a blowing port 18. whereby a complexly curved 
face is formed in the glass plate 8 as shown in 
Rgure 3. 

A shaping furnace shares a very large portion 
for investment of such glass manufacture line. Ac- 
cordingly, it is advantageous if equipments for a 
conventional glass plate manufacture line to pro- 
duce a glass plate having a simply curved face can 
be used for a glass plate manufacture line which is 
used for producing a glass plate having a com- 
plexly curved face. In particular, it is advantageous 
if the shaping furnace for the conventional manu- 
facture line can be used in common. However, 
there were many difficulties in using in common 
the shaping furnace. Namely, when it is desired 
that the glass plate manufacture line for a glass 
plate having a simply curved face, which is already 
equipped, is used for a glass plate manufacture 
line for a glass plate having a complexly curved 
face as shown in Rgure 4. it is necessary to 
replace tiie heartti beds 14. 16 and the blowing 
port 18 in the glass plate manufacture line for a 
glass plate having a simply curved face by those 
for a glass plate having a complexly curved face. In 
the conventional bend-shaping apparatus for pro- 
ducing a glass plate having a complexly curved 
face, however, there was a large distance in the 
vertical direction between the level H2 of the posi- 
tion where the glass plate is not yet bend-shaped 
and the level HI of the position where the glass 
plate has been bend-shaped. The distance is in- 
dicated by H in Rgure 4. Namely, if the shaping 
furnace of the glass plate manufacture line for a 
glass plate having a simply curved face is to be 



used in common for the glass plate manufacture 
line for a glass plate having a complexly curved 
face, it is necessary to provide a special raising 
means for raising a glass plate, which has been 
5 bend-shaped in the longitudinal direction, from the 
lower level HI to the higher level H2 in a case that 
the glass plate having a complexly curved face is 
to be manufactured. 

The lower level HI varies depending not only 
70 on the difference between the nature of glass plate 
having a simply curved face and the nature of the 
glass plate having a complexly curved face but 
also on the specification of the glass plate having 
the complexly curved face. Namely, such raising 
IS means has to be either of an inclusive use which is 
separately prepared depending on the specification 
for bend-shaping the glass plate, or has to be used 
after the adjustment of an existing raising means 
depending on the specification. The preparation of 
20 several types of raising means for inclusive use 
depending on the type of glass plate is not prefer- 
able because a large investment for equipment is 
required. The adjustment of the existing raising 
means is not practical because much time and 
25 labor are required when the type of glass plate to 
be manufactured is changed. In addition, in prac- 
tice, there are many difficulties in the technical 
viewpoint to raise the glass plate from the lower 
level H1 to the higher level H2. 
30 Namely, in the conventional glass plate bend- 

shaping line for bend-shaping a glass plate having 
a simply curved face, the distance L between a 
shaping furnace 12 and a post-treating conveyor 20 
is determined to be short (generally, several me- 
35 ters or shorter) in order to reduce a space of 
equipment as possible. Accordingly, when the 
shaping furnace in the existing glass plate shaping 
line for a glass plate having a simply curved face is 
used for tine production of a glass plate having a 
40 complexly curved face, it is necessary to raise the 
glass plate from the lower level H1 to the higher 
level H2 in the relatively short distance L. 

In such conditions, it is very difficult to transfer 
stably the glass plate in that distance because the 
45 radius of curvature and the gradient of the transfer- 
ring surface of the blowing port 18 are different 
from those of the transferring surface of the raising 
means. Such difficulty can be eliminated if tfie 
distance L can be enlarged to more than 10 me- 
50 ters. However, this does not meet the demand of 
saving space, and it is impossible to use the exist- 
ing manufacture line for a glass plate having a 
simply curved face for the manufacture line for a 
glass plate having a complexly curved face. 
55 It is an object of the present invention to elimi- 

nate the disadvantage described above and to pro- 
vide a process for bend-shaping a glass having a 
complexly curved face and an apparatus for carry- 
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ing out the process, which enables to utilize the 
most part of equipment of the existing manufacture 
line for a glass plate having a simply curved face 
and which is sufficient for only simple change of 
equipmient. 

It is another object of the present invention to 
provide a process for bend-shaping a glass plate 
having a complexly curved face and an apparatus 
for carrying out the process which can operate in a 
small space of equipment. 

Another object of the present invention Is to 
permit use in common of the shaping furnace for a 
glass plate having a simply curved face and the 
shaping furnace for a glass plate having a com- 
plexly curved face in spite of various kinds of 
specification. 

Anotiier object of the present invention is to 
standardize an amount of falling of a glass plate 
from a higher position H2 (the position of the glass 
plate before failing) to a lower position HI (the 
position after the falling) during the operation of 
shaping the glass plate to have a complexly curved 
face, so that a raising means to raise the glass 
plate can be used commonly irrespective of the 
specification of bending the glass plate having a 
complexly curved face, and labor to adjust the 
equipments of bend-shaping the glass plate at the 
time of changing the specification of the glass plate 
can be reduced as possible. 

It is another object of the present invention to 
improve stability in raising the bent glass plate by 
reducing the length of transferring the glass plate. 

In accordance with the present invention, there 
is provided a process for bend-shaping a glass 
plate by heating the glass plate to the nearly soft- 
ening temperature, while the glass plate is trans- 
ferred along a transferring surface in a shaping 
furnace, to thereby bend the glass plate, by its own 
deadweight, into a shape corresponding to the 
shape of the transferring surface, characterized by 
comprising: 

a step of complexly bending the glass plate by 
transferring tiie glass plate along a complexly 
bending transferring surface having a complexly 
curved face which is upwardly projected with pre- 
determined radius of curvatures along both the axis 
of the transfenring direction and the axis perpen- 
dicular to the transfening direction, said transfer- 
ring surface having an upward gradient portion at at 
least an area near the exit of the shaping furnace, 
whereby the glass plate is bent into a shape which 
substantially corresponds to that of the complexly 
bending transferring surface, and 

a cooling and strengthening step of cooling 
and strengthening the glass plate by transfening it, 
which has l>een delivered through the exit of the 
shaping furnace, along a cooling transferring sur- 
face which has a complexly curved face so as to 



be substantially continuous to that of the complexly 
bending transferring surface and which has at least 
a downward gradient portion in at least a part of it. 
Further, the process for bend-shaping a glass 
5 plate of the present invention may have a moving 
step of moving the glass plate to the level of a 
post-treating transferring path after the cooling and 
transferring step. 

Further, the process for bend-shaping a glass 
10 plate according to the present invention may have 
a simply bending step of bending the glass plate 
by its own deadweight into a shape substantially 
corresponding to the shape of a simply bending 
and transferring surface having a simply curved 
75 face which is upwardly projected with predeter- 
mined radius of curvatures along the axis per- 
pendicular to the transferring direction while the 
glass plate is ti-ansferred in the substantially hori- 
zontal direction in the shaping furnace, before the 
20 complexly bending step. 

Further, in accordance with the present inven- 
tion, the complexly bending transferring surface is 
provided by hearth beds in the shaping furnace, 
and the glass plate is held in a floating state by a 
25 gas layer formed of gas which is blown from the 
lower part of the complexly bending transferring 
surface when the glass plate is transferred along 
the complexly bending transferring surface. 

Further, in accordance with the present inven- 
30 tion, there is provided an apparatus for bend-shap- 
ing a glass plate which comprises a shaping fur- 
nace for heating the glass plate to tiie nearly soft- 
ening temperature of the glass plate, a complexly 
bending transferring surface positioned in the shap- 
35 ing furnace, which has a complexly curved face so 
as to upwardly project along both the axis of the 
transferring direction and the axis perpendicular to 
the transferring direction and which has an upward 
gradient portion at at least an area near the exit of 
40 the shaping furnace, a cooling transfem'ng surface 
which has a complexly curved face so as to be 
substantially continuous to tiiat of the complexly 
bending transferring surface and which has a 
downward gradient portion in at least a part of it. 
45 and a glass plate cooling and strengthening means 
disposed near the cooling transferring surface, 
whereby the glass plate Is heated to the neariy 
softening temperature while the glass plate is trans- 
fen-ed along tiie transferring surface in tiie shaping 
50 furnace to tiiereby bend by its deadweight the 
glass plate into a shape corresponding substan- 
tially to that of the transferring surface. 

Further, tfie apparatus for bend-shaping a glass 
plate of the present invention may have a moving 
55 means to move the glass plate to tfie level of a 
post-treating transfening path. Which is positioned 
at ttie downstream side in the transferring direction 
of the cooling transferring surface. 
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Further, the apparatus for bend-shaping a glass 
plate of the present invention may have a simply 
bending transferring surface which is positioned at 
the upstream side in the transferring direction of 
the complexly bending transferring surface and 
which has an upwardly projecting simply curved 
face along the axis perpendicular to the transferring 
direction. 

Further, in accordance with the apparatus for 
bend-shaping a glass plate of the present inven- 
tion, the complexly bending transferring surface is 
provided by hearth beds in the shaping fumace, 
and the complexly bending transferring surface is 
provided with a holding means which ejects gas 
from the lower part of the complexly bending trans- 
ferring surface to hold the glass plate in a floating 
state by a gas layer formed of gas. 

In accordance with the technique described 
above, the glass plate transferred along the trans- 
ferring surface located in the shaping fumace is 
heated to the nearly glass softening temperature in 
the shaping fumace so that it is shaped by its 
deadweight to have a complexly curved face which 
corresponds to the shape of the transferring sur- 
face; the glass plate is cooled and strengthened by 
means of the cooling and strengthening means; 
and then, it is introduced in the post-treating trans- 
ferring path which transfers the glass plate to a 
place where a post-treatment such as washing is 
carried out 

In such technique, any type of shaping fumace 
for bend-shaping a glass plate may be used as far 
as the shaping furnace includes a heating means 
for heating the glass plate as an object to be 
shaped to the temperature of softening and a trans- 
ferring surface for transferring thereon the glass 
plate. In this case, the heating means may be of a 
type using a radiation heat by a heater. Further, the 
heating means may be of such a type that a hot 
gas is ejected from the lower part of the hearth 
t>eds which are normally constituted by refractory 
bricks, through apertures formed in the hearth beds 
so that the glass plate is heated to nearly the glass 
softening temperature. In the later case, the glass 
plate is held in a floating state by a layer formed of 
the gas. This means that the hearth beds of the 
shaping fumace constitute the alx)ve-mentioned 
transferring surface. The discharging of the hot gas 
from the lower part of the hearth l>eds eliminates 
the contact of the glass plate to the transferring 
surface, and accordingly, the glass plate is pre- 
vented from occurring a flaw during the transfer. 
This is a preferable embodiment from the viewpoint 
of preventing a flaw on the glass plate. 

The design of the glass plate cooling and 
strengthening means may be changed as desired 
as far as the glass plate can be strengthened in the 
shaping fumace while the shape of the shaped 



glass plate can be kept It is in particular preferable 
to use the glass plate cooling and strengthening 
means having such a construction that a cooling air 
blowing port module group wherein a numt>er of 
5 nozzle-like blowing ports are arranged with appro- 
priate Intervals above and below the transferring 
path for transferring the glass plate, are provided 
whereby the glass plate is cooled and strengthened 
from the upper and lower parts by air ejected from 
70 the blowing ports. Such construction is desirable 
from the viewpoint of uniformly strengthening the 
glass plate. Further, it is possible to carry out 
cooling operation in two stages: the primary cooling 
wherein the glass plate is cooled to a temperature 
15 lower than the distortion point while it is uniformly 
strengthened, and the secondary cooling wherein 
the glass plate is cooled to the substantially room 
temperature. The investment for the cooling blow- 
ing port module can be saved if the module group 
20 is used for only the primary cooling. 

As means for transferring the glass plate in the 
present invention, there are the complexly t)ending 
transferring surface positioned in the shaping fur- 
nace, which has a complexly curved face so as to 
25 upwardly project along both the axis of the transfer- 
ring direction and the axis perpendicular to the 
transferring direction and which has an upward 
gradient portion at at least an area near the exit of 
the shaping furnace, and the cooling transferring 
30 surface which has a complexly curved face so as 
to be substantially continuous to that of the com- 
plexly bending transferring surface and which has a 
downward gradient portion in at least a part of it. 
Alternatively, there may be a complexly bending 
35 transferring surface positioned in the shaping fur- 
nace, which has a complexly curved face so as to 
downwardly project along both the axis of the 
transfemng direction and the axis perpendicular to 
the transferring direction and which has a down- 
40 ward gradient portion at at least an area near the 
exit of the shaping fumace. and a cooing transfer- 
ring surface which has a complexly curved face so 
as to be substantially continuous to that of the 
complexly bending transferring surface and which 
45 has an upward gradient portion in at least a part of 
it The difference of the transferring surfaces be- 
tween the former case and the later case is only 
the direction of the projection of the curved sur- 
faces, and they can be considered to be substan- 
50 tially same. Accordingly, description will be made 
as to the former case, namely, the case of forming 
a glass plate having a complexly curved face which 
projects upwardly. 

The inclination angle of the upward gradient 
55 can be determined depending on tiie shape of a 
glass plate to be shaped. The radius of curvature 
of the transferring surface is also determined so as 
to correspond to a shape with which the glass plate 
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is shaped. In the present invention, it Is preferable 
that the radius of curvature along the axis per- 
pendicular to the transferring direction is 500 mm 
or longer, more preferably. 1,000 mm or longer, 
and the radius of curvature along the axis of trans- 
ferring direction is 10.000 mm or longer, more 
preferably, 20.000 mm or longer. 

The radius of curvature of the transferring sur- 
face can be optionally determined depending on a 
position on the transferring surface. For instance, 
radius of curvature can be large at the initial stage 
of transferring and is gradually decreased toward 
the downstream side of the transfemng path, 
whereby the glass plate has a shape substantially 
con-esponding to a predetermined shape of bend in 
the area near the exit of the shaping fumace. 

In the present invention, glass plates having 
various shapes of complexly curved face can be 
produced depending on needs. In this case, it is 
preferable to add a moving means at the down- 
stream side in the transferring direction of the 
cooling transferring surface to thereby move the 
glass plate to the level or the height of the post- 
treating transferring path, from the standpoint that 
an existing manufacture line for glass plates having 
a simply curved face can be easily applied to 
manufacture glass plates having a complexly 
curved face. With the moving means, it is possible 
to transfer the glass plates to the post-treating 
transferring path by simply adjusting an angle of 
inclination of the moving means wherein the post- 
treating step is unchanged, whereby various kinds 
of glass plate having different kinds of radius of 
curvature can be easily produced. Any type of the 
moving means, i.e. a disk conveyor, a belt con- 
veyor or the like can be utilized as far as it can 
move the glass plate. 

In a case that it is necessary to bend-shape a 
glass plate deeper along only one direction as a 
windshield glass for automobile (one direction 
means the horizontal direction when the windshield 
glass is attached to an automobile), it is preferable 
to provide a simply bending transferring surface at 
the upstream side of the complexly bending trans- 
ferring surface, wherein the simply bending trans- 
ferring surface has a predetermined radius of cur- 
vature which curves along only the axis perpen- 
dicular to the transferring direction. In this case, a 
bending operation may be applied to a glass plate 
along the axis perpendicular to the transferring 
direction, before forming a complexly bending face, 
by transferring the glass plate on the simply bend- 
ing transferring surface in the shaping fumace so 
that the direction of bending the glass plate to have 
a smaller radius of cun/ature coincides with the 
direction perpendicular to the transfenring direction. 

Further, in the above-mentioned case, if there 
is a difference in inclination near the boundary 



between the complexly bending transferring sur- 
face and the simply bending transferring surface, a 
glass plate may contact with the complexly bend- 
ing transferring surface when the glass plate 

5 passes the Ixjundary region, so that a strain or a 
defect may take place in the glass plate. In order to 
eliminate such undesired effect, it is advantageous 
to incline the simply bending transferring surface 
so as to have a slightly upward gradient in the 

10 transferring direction. N/Vhen there is a difference in 
inclination between the simply bending transferring 
surface and the complexly trending transferring 
surface, the glass plate may be reversely bent at 
the boundary region. However, this causes no 

75 problem because the glass plate is shaped in the 
final shape above the complexly bending transfer- 
ring surface after it has been passed through the 
boundary region. 
In drawings: 

20 Rgure 1 is a schematic view showing in its 
entirety an embodiment of the glass plate bend- 
ing apparatus according to the present inven- 
tion; 

Rgure 2 is an enlarged view of an important 
25 portion of the glass plate bending apparatus of 
the present invention; 

Rgure 3 is a perspective view of a glass plate 
bend-shaped to have a complexly curved face; 
Rgure 4 is a diagram partly omitted of a con- 
30 ventional glass plate bend-shaping apparatus; 

Rgure 5 is a perspective view showing an em- 
bodiment of the glass plate moving means used 
for the present invention; and 
Rgure 6 is a perspective view of an important 
35 portion of a device in the cooling step according 
to the method of the present invention. 
Preferred embodiments of the process for 
bend-shaping a glass plate of the present invention 
and apparatus for carrying out the process will be 
40 described in detail with reference to the drawings. 

Rgure 1 is a side view of an embodiment of 
the glass plate bend-shaping apparatus according 
to the present invention, and Rgure 2 is an en- 
larged view of an important portion of the bend- 
45 shaping apparatus. In a gas fumace 30 as a shap- 
ing fumace, there are provided hearth l>eds 34. 
34.... and a hearth bed 35 which constitute a trans- 
ferring surface for a glass plate 32 and which form 
a simply bending transfening surface. The surfaces 
50 of the hearth beds 34. 34,... and the hearth bed 35 
respectively have an upwardly projecting curved 
face with a radius of curvature R2 which are 
fomied along the directional axis perpendicular to 
the moving direction of the glass plate 32. The 
55 hearth beds 34 are an-anged in substantially hori- 
zontal direction with respect to the transferring di- 
rection, and the hearth bed 35 is arranged to have 
a slightly upward gradient with respect to the trans- 
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ferring direction. The surfaces of the hearth beds 
34. 34.... and the hearth bed 35 are respectively 
inclined 3 •-4* around the axis of the transferring 
direction. 

The glass plate 30 Is held in a floating state 
above the hearth beds, 34, 34,... and the hearth 
bed 35 by means of a gas layer formed of gas 
blown from the lower part of the hearth beds. In 
Figure 1. reference numerals 34A, 34A.... and 35A 
respectively designate gas chambers provided at 
the lower part of the hearth beds, which blast gas 
to hold the glass plate in a floating state above the 
surface of the hearth beds. In the state that the 
glass plate 32 is held in a floating state above the 
hearth beds 34. 35. the glass plate is contacted 
and engaged through holders for driving disks in an 
operable manner with a driving chain 53 which is 
disposed along a side in the moving direction of 
the hearth beds of the gas furnace 30. as shown in 
Rgure 5.. On the movement of the holders, the 
glass plate 32 is continuously transferred above the 
hearth beds 34. 34.... and the hearth bed 35. Dur- 
ing the transfer of the glass plate, the glass plate is 
heated to a predetermined temperature near the 
softening point, and it is bend-shaped by its dead- 
weight into a shape substantially corresponding to 
the curved shape of the surface of the hearth beds 
34, 35. 

Between the hearth bed 35 and the exit 30A of 
the gas furnace 30. there is arranged a hearth bed 
36 which has a curved face with a radius of cur- 
vature R2 formed along the directional axis per- 
pendicular to the moving direction and a curved 
face with a radius of curvature R1 formed along the 
axis of the moving direction and which has an 
upward gradient. 

Outside the gas furnace 30, there are provided 
a cooling transferring surface which is substantially 
continuous with the hearth bed 36 and has the 
substantially same curved shape (i.e. the radii of 
cun/ature R1 . R2) and a cooling port module group 
38A which blasts cooling air to the glass plate to 
thereby serve as a cooling surface, whereby the 
module group 38 forms a downward gradient face. 
Above the cooling port module group 38A, a cool- 
ing port module group 38B having the construction 
similar to the module group 38A is placed oppos- 
ing the module group 38A, whereby the glass plate 
32 to be passed between the cooling port module 
groups 38A. 388 is rapidly cooled and streng- 
thened. Coolmg port boxes 40, 42 are respectively 
air chambers connected to the cooling port module 
groups 38A. 388. 

Any type of the transferring means can be 
used as far as it can transfer the glass plate In the 
shaping furnace. In particular. Figure 5 shows an 
embodiment of the transferring means capable of 
heating the glass plate by feeding hot gas from the 



lower part of the hearth beds. The glass plate 51 is 
held in a floating state through a gas layer formed 
of gas blown through apertures 55 formed in the 
hearth bed 50. and is transferring In the direction 
5 indicated by an arrow mark. The hearth bed is 
Inclined in a range from 1 • to 5* . preferably 2' to 
4* around the transferring direction with respect to 
the horizontal direction. Further, a driving chain 53 
which is driven in the direction of transferring the 
70 glass plate is disposed in the vicinity of the lower 
side of the inclined hearth bed 50. Further, the 
driving chain 53 Is provided with holders 52, 52 
and a pusher 54 which hold the glass plate. When 
the driving chain 53 is driven in the arrow mark 
75 direction, the holders 52. 52 and the pusher 53 
hold the glass plate 51 to transfer it. The embodi- 
ment as shown in Rgure 5 is one of possible 
transferring devices, and the present invention is 
not limited to this embodiment. 
20 A disk conveyor 44 is located at the down- 

stream end of the cooling air blowing port module 
group 38A. The disk conveyor 44 has a downward 
gradient extending from the right end of the cooling 
air blowing port module group 38A to a position 
25 indicated by reference numeral 45 as shown in 
Rgure 1. In the disk conveyor 44, heat-resisting 
rubber is applied on the circumferential surface of 
the existing disk rollers 44A and a heat-resisting 
plastic ring of a material such as bakelite is at- 
30 tached onto the circumferential surface of the heat- 
resisting rubber. 

In this specified example, the cooling step 
comprises two steps. Rgure 6 illustrates in a per- 
spective view a device for carrying out the cooling 
35 step in the two steps. In the first step, the glass 
plate 32 is transfenred on the cooling air blowing 
port module group 38A during which the glass 
plate 32 is rapidly cooled and is uniformly streng- 
thened (primary cooling). In Rgure 6, the cooling 
40 air blowing port module group 388 placed above 
the module group 38A is omitted. In the secondary 
step, the glass plate 32 is transferred on the disk 
conveyor 44 while it is further cooled by air through 
a blowing port 43 provided at the lower part of the 
45 disk conveyor 44. The glass plate 32 is cooled 
separated from a holder (Figure 5) to be carried to 
the next step (secondary cooling). 

The separation of the glass plate from the 
holder is not particularly limited. However, two 
50 ways of separation are exemplified as preferred 
processes. In the first process, the driving chain 53 
and the holder attached thereto are directed upwar- 
dly from the level of the transferring surface in the 
vicinity of a position where the glass plate 32 is 
55 cooled to the room temperature, and at the same 
time the revolution speed of the disk roller 44A is 
increased al>out 1%-5%. In the second process, 
the inclination around the transferring direction of 
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the transferring surface is gradually changed to- 
ward the transferring direction. Namely, the trans- 
ferring surface inclined toward the driving chain 53 
is changed so as to incline to the direction opposite 
the driving chain 53 as the glass plate is moved 
into the transferring direction, whereby the glass 
plate 32 is shifted by its deadweight on the trans- 
ferring surface. In the case of this embodiment, 
since tfie shape of the transferring surface is deter- 
mined by the shape which is formed by the cir- 
cumferential surface of the disk rollers 44A, it is 
necessary to gradually change the shape of the 
circumferential surface of the disk rollers 44A to- 
ward the downstream side of the transferring direc- 
tion in order to shift the glass plate 32 on the 
transferring surface according to the second pro- 
cess. Thus, it is preferable to use expand rollers as 
tiie disk rollers in order to gradually change the 
inclination of the disk rollers 44A. The expand 
rollers preferably have a spring of a heat-resisting 
metal such as stainless steel inside the surface 
layer made of the heat-resisting rubber. Accord- 
ingly, the radius of curvature and the inclination of 
tiie front surface of the disk roller can be desirably 
determined by determining the position of the both 
ends of the rollers. Rgure 6 illustrates such device 
used in the cooling step wherein the expand rollers 
are used. 

At the downstream end in the transferring di- 
rection of the disk conveyor 44. there is provided in 
a continuous manner a belt conveyor 46 having an 
upward gradient which moves the glass plate 32 to 
a belt conveyor 48 which is used for a post-treating 
step, and the upper end of the belt conveyor 46 is 
determined to have the substantially same level of 
the belt conveyor 48 for a post-treating step. A 
heat-resisting V-belt 46A is used for the belt con- 
veyor 46. 

In case that the levels of tiie downstream end 
of the disk conveyor 44 and the post-treating belt 
conveyor 48 are the substantially same, it is possi- 
ble to directly transfer the glass plate 32 from the 
disk conveyor 44 to the post-treating belt conveyor. 
In such case, it is unnecessary to provide the belt 
conveyor 46; thus, it is extremely desirable from 
the viewpoint of simplifying equipment. 

However, it is not always in agreement of the 
transferring distance needed for the bend-shaping 
the glass plate with the transferring distance need- 
ed for the quenching the glass plate. The transfer- 
ring distances are changed depending on a requi- 
site complexly curved face of glass plate. Accord- 
ingly, it is preferable in practical use to satisfy 
various specifications of the shape of glass plate 
by adjusting the inclination angle of the l>elt con- 
veyor 46 for transferring the glass plate. 

Namely, in accordance with the present inven- 
tion, it is possible to arrange to a fair extent the 



level of the downstream end in the transferring 
direction of the disk conveyor 44 by adjusting the 
gradient of the hearth beds 34, 35, 36 and tiie 
gradient of the cooling air blowing port module 

5 group 38A, in spite of the specifications of tiie 
glass plate Accordingly, it is possible to satisfy a 
change of the specification by slightiy adjusting the 
• gradient of the belt conveyor 46. Further, the gra- 
dient of the above-mentioned hearth beds or the 

10 other elements may be adjusted so that the dif- 
ference between the level of the downstream end 
in the transferring direction of the disk conveyor 44 
and the level of tiie post-treating conveyor 48 is 
slight. Accordingly, it is not always to determine 

75 the gradient of the belt conveyor 46 to be steep 
and accordingly, extremely stable transferring op- 
eration is obtainable. 

The function of the apparatus for carrying out 
the process of the present invention will be de- 

20 scribed. 

The glass plate 32 is transferred on the hearth 
beds 34, 34,... and the hearth bed 35 in the gas 
furnace 30, during which it is bend-shaped with a 
predetermined radius of curvature R2 along the 

25 axis perpendicular to the transferring direction and 
is heated to a high temperature necessary for 
quenching. When the glass plate 32 passes 
tiirough the hearth bed 35 and reaches tiie upper 
surface of the hearth bed 36 which is provided near 

30 tiie exit 30A of the gas furnace 30 and which has a 
predetermined radius of curvature R1 along the 
axis of the transferring direction, the glass plate is 
bend-shaped with tiie radius of curvature R1 in the 
longitudinal direction along the curved shape off 

35 the hearth bed 36. whereby the glass plate 32 is 
bend-shaped to have a complexly curved face hav- 
ing the radius of curvature R2 in the width direction 
and tiie radius of curvature R1 in the longitudinal 
direction. 

40 The glass plate 32 formed to have a complexly 

curved face is taken out through the exit 30A of the 
gas furnace 30 and is transferred onto the cooling 
air blowing port module group 38A where it is 
cooled to about 400 and is strengthened by the 

45 cooling air from tiie blowing ports 40, 42 tiirough 
the cooling air blowing port module groups 30A, 
30B. The cooled glass plate 32 is descended along 
tiie disk conveyor 44 and is further cooled by the 
cooling air through tiie blowing port 43 witiiout 

50 using a cooling air blowing port module group. 
After tiie glass plate 32 has had a predetennined 
shape and strengtii, it is separated from tiie holder 
attached to the driving chain 53 and is further 
delivered to the post-treating belt conveyor 48 

55 tiirough tiie belt conveyor 46 which has an upward 
gradient surface. 

In a case ttiat the glass plate 32 is bend- 
shaped to have a simply curved face wherein the 
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glass plate has a curved face along only the width 
direction as often seen in a conventional method of 
bend-shaping glass plates, the hearth bed 35 hav- 
ing an upward gradient and the hearth bed 36 
having a curved surface which are disposed near 
the exit 32A of the gas furnace 30 and the cooling 
air blowing port module group 38A, the disk roller 
44 and the belt conveyor 46 which are located 
outside the gas furnace 30 may be replaced by a 
hearth bed for a simply bend-shaping and a disk 
roller so that they are In continuous with the hearth 
beds 34. 34,... and the post-treating conveyor 48. 
Thus, some of the existing equipments can be 
utilized. With this arrangement, the glass plate 32 
is bend-shaped along the width direction of it so as 
to correspond to the shape of the surfaces of the 
hearth beds 34. 34.... while the glass plate 32 is 
transferred therethrough in the same manner as 
described above. 

Thus, in accordance with the present invention, 
since the glass plate 32 is bend-shaped along the 
longitudinal direction and it is once ascended, an 
amount of falling H of the glass plate 32 can be 
made small. Accordingly, although the distance L 
between the gas furnace 30 and the post-treating 
conveyor 48 is short in the existing production line 
for bend-shaping the glass plate 32 in the direction 
only Its width, the glass plate 32 can be raised 
from the level H2 of the falling position to the level 
HI of the post-treating conveyor 48. Thus, a manu- 
facture line for bending glass plates wherein the 
shaping furnace and the other major portion of 
equipments in the existing manufacture line for 
bending glass plates can be commonly used and 
glass plates having a complexly curved face can 
be formed by simply replacing a part of the exist- 
ing manufacture line, can be obtained. 

In accordance with the process for bend-shap- 
ing a glass plate and the apparatus for carrying out 
the process of the present invention, a glass plate 
which has been bend-shaped along the direction 
perpendicular to the transferring direction in the 
gas furnace Is once raised in the gas furnace, 
followed by bend-shaping it along the transferring 
direction, and the glass plate is taken out from the 
gas fumace, and is descended while cooled and 
strengthened, whereby the difference in height be- 
tween the position at which the glass plate cooled 
and strengthened-and the position of the post-treat- 
ing belt conveyor can be small, and the handling of 
the bend-shaped glass plate can be easy. Accord- 
ingly, the glass plate can be bend-shaped to have 
a complexly curved face by bending it in the trans- 
fenring direction and the direction perpendicular to 
the transferring direction with use of existing equip)- 
ments of manufacture such as a shaping fumace, 
even when the distance between the existing gas 
fumace and the post-treating conveyor is short. 



In accordance with the inventions claimed in 
Claims 3 and 8, the existing equipments of the 
manufacture line for glass plates can be further 
flexibly used to obtain glass plates having a com- 

5 plexly curved face. 

In accordance with the inventions claimed in 
Claims 4 and 9, a process of bend-shaping glass 
plates and an apparatus which reduce the space 
can be presented in a case that a glass plate is 

70 required to be deeply bend-shaped in only one 
direction of the glass plate as required in the 
ordinary glass plate for automobile. 

In accordance with the inventions claimed in 
Claims 5 and 10. a process for obtaining a curved 

15 glass plate of high quality wherein a danger of 
occurring a strain In the glass plate during transfer 
is minimized because the glass plate does not 
contact with the transferring surface, and an ap- 
paratus for carrying out the process can be pro- 

20 vided. 

Claims 

1, A process for bend-shaping a glass plate by 

25 heating the glass plate to the nearly softening 

temperature, while the glass plate is trans- 
ferred along a transfenring surface in a shaping 
furnace, to thereby bend the glass plate, by its 
own deadweight, into a shape corresponding to 

30 the shape of the transferring surface, char- 

acterized by comprising: 

a step of complexly bending the glass 
plate by transferring the glass plate along a 
complexly bending transferring surface having 

35 a complexly curved face which is upwardly 

projected with predetermined radius of cur- 
vatures along both the axis of the transfenring 
direction and the axis perpendicular to the 
transfen-ing direction, said transferring surface 

40 having an upward gradient portion at at least 

an area near the exit of the shaping fumace. 
whereby the glass plate is bent into a shape 
which substantially corresponds to that of the 
complexly bending transferring surface, and 

45 a cooling and strengthening step of cool- 

ing and strengthening the glass plate by trans- 
fen-ing it. which has been delivered through the 
exit of the shaping fumace. along a cooling 
transfening surface which has a complexly 

50 cun^ed face so as to be substantially continu- 

ous to that of the complexly bending transfer- 
ring surface and which has a downward gra- 
dient portion in at least a part of it. 

55 2- A process for bend-shaping a glass plate by 
heating the glass plate to the nearly softening 
temperature, while the glass plate Is trans- 
ferred along a transferring surface in a shaping 
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furnace, to thereby bend the glass plate, by its 
own deadweight, into a shape corresponding to 
the shape of the transferring surface, char- 
acterized by comprising: 

a step of complexly bending the glass 5 
plate by transfem'ng the glass plate along a 
complexly bending transfening surface having 
a complexly curved face which is downwardly 
projected with predetermined radius of cur- 
vatures along both the axis of the transferring to 
direction and the axis perpendicular to the 
transferring direction, said transferring surface 
having a downward gradient portion at at least 
an eurea near the exit of the shaping fumace, 
whereby the glass plate is bent into a shape is 
which substantially corresponds to that of the 
complexly bending transferring surface, and 

a cooling and strengthening step of cool- 
ing and strengthening the glass plate by trans- 
ferring it. which has been delivered through the 20 
exit of the shaping furnace, along a cooling 
transferring surface which has a complexly 
curved face so as to be substantially continu- 
ous to that of the complexly bending transfer- 
ring surface and which has an upward gradient 25 
portion in at least a part of it. 

3- The process for bend-shaping a glass plate 
according to Claim 1 . which further comprises 
a moving step of moving the glass plate to the 30 
level of a post-treating transferring path after 
the cooling and strengthening step. 

4. The process for bend-shaping a glass plate 
according to Claim 1 , which further comprises, 35 
before the complexly bending step, a simply 
bending step of transferring the glass plate in 

the substantially horizontal direction along a 
simply bending transferring surface having a 
simply curved face which is upwardly projec- 40 
ted with predetermined radius of curvatures 
along the axis perpendicular to the transferring 
direction in the shaping fumace, whereby the 
glass plate is bent into a shape which substan- 
tially corresponds to that of the simply trending 45 
transferring surface. 

5. The process for bend-shaping a glass plate 
according to Claim 1, wherein the complexly 
bending transferring surface is provided by so 
hearth beds in the shaping furnace, and the 
glass plate is held in a floating state by a gas 
layer formed of gas which is blown from the 
lower part of the complexly trending transfer- 
ring surface when the glass plate is transferred 55 
along the complexly bending transferring sur- 
face. 



6. An apparatus for bend-shaping a glass plate 
wherein the glass plate is heated to the nearly 
softening temperature while the glass plate is 
transferred along a transferring surface in a 
shaping fumace to thereby bend by its dead- 
weight the glass plate into a shape corre- 
sponding substantially to that of the transfer- 
ring surface which comprises: 

a shaping fumace for heating the glass 
plate to the nearly softening temperature of the 
glass plate, 

a complexly bending transferring surface 
positioned in the shaping furnace, which has a 
complexly curved face so as to upwardly pro- 
ject along both the axis of the transferring 
direction and the axis perpendicular to the 
transferring direction and which has an upward 
gradient portion at at least an area near the 
exit of the shaping furnace, 

a cooling transferring surface which has a 
complexly curved face so as to be substan- 
tially continuous to that of the complexly bend- 
ing transferring surface and which has a down- 
ward gradient portion in at least a part of it, 
and 

a glass plate cooling and strengthening 
means disposed near the cooling transferring 
surface. 

7. An apparatus for bend-shaping a glass plate 
wherein the glass plate is heated to. the neariy 
softening temperature while the glass plate is 
transferred along a transferring surface in a 
shaping furnace to thereby bend by its dead- 
weight the glass plate into a shape corre- 
sponding substantially to that of the transfer- 
ring surface which comprises: 

a shaping furnace for heating the glass 
plate to the nearly softening temperature of the 
glass plate. 

a complexly bending transferring surface 
positioned in the shaping fumace, which has a 
complexly curved face so as to downwardly 
project along both the axis of the transferring 
direction and the axis perpendicular to the 
transferring direction and which has a down- 
ward gradient portion at at least an area near 
the exit of the shaping fumace, 

a cooling transfening surface which has a 
complexly curved face so as to be substan- 
tially continuous to that of the complexly bend- 
ing transfening surface and which has an up- 
ward gradient portion in at least a part of it, 
and 

a glass plate cooling and strengthening 
means disposed near the cooling transferring 
surface. 
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a. The apparatus for bend-shaping a glass plate 
accx^rding to Claim 6, which further comprises 
a moving means to move the glass plate to the 
level of a post-treating transferring path, which 
is positioned at the downstream side in the 5 
transferring direction of tiie cooling transferring 
surface. 

9. The apparatus for bend-shaping a glass plate 
according to Claim 6, which furtiier comprises io 
a simply bending transferring surface which is 
positioned at tiie upstream side in the transfer- 
ring direction of the complexly bending trans- 
fening surface and which has an upwardly 
projecting simply curved face along the axis is 
perpendicular to the transfemng direction. 

10. The apparatus for bend-shaping a glass plate 
according to Claim 6. wherein \he complexly 
bending transferring surface is provided by 2c 
heaxth beds in the shaping furnace, and tiie 
complexly bending transferring surface is pro- 
vided witii a holding means which ejects gas 
from ttie lower part of tiie complexly bending 
transfemng surface to hold ttie glass plate in a 2i 
floating state by a gas layer formed of gas. 
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FIGURE 3 
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FIGURE 5 
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